Abstract. We present the results of a long-term variability campaign of very broad-line AGNs with line widths broader than FWHM > 5000 kms −1 . The main goal of our investigation was to study whether the widths of the optical broad emission lines are correlated with the optical intensity variations on timescales of years. Our AGN sample consisted of 10 objects. We detected a significant correlation between optical continuum variability amplitudes and Hβ emission line widths (FWHM) and, to a lesser degree, between Hβ line intensity variations and Hβ equivalent widths. We add the spectroscopic data of variable AGNs from the literature to supplement our sample. The AGNs from other optical variability campaigns with different line-widths helped to improve the statistical significance of our very broad-line AGN sample. After including the data on 35 additional galaxies, the correlation between optical continuum variability amplitudes and Hβ emission line widths becomes even more significant and the probability that this is a random correlation drops to 0.7 percent.
Introduction
Seyfert 1 galaxies and quasars vary on timescales of days to years in the optical (e.g. Peterson et al. 2004 , Kaspi et al.2000 . The variablity amplitudes of their continuum fluxes range from a few percent to more than a hundred percent (e.g. de Vries et al. 2005) . Variations in the continuum from the radio to the gamma-ray range have different timescales (e.g. Peterson et al. 2000) , which is a situation that has to be taken into account in variability studies. This makes it necessary to examine only the individual frequency ranges. Even though considerable effort has been made over the last years, several details of the physical processes leading to variability are still unknown (Peterson 2001 , Blandford 2004 , Horne et al. 2004 .
In an earlier extensive investigation, Giveon et al. (1999) studied a sample of PG quasars with line widths in the range of full width at half maximum (FWHM) ∼ 2000
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to 5000 km s −1 . They searched for correlations between the measured variability properties and other parameters of the studied quasars. However, they did not look explicitly for correlations between the emission line width and other intrinsic parameters.
In this paper we focus on optical continuum variations and emission-line intensity variations in AGNs over timescales of years, which is comparable to the expected dynamical time scale of the broad-line region (BLR). Observed variations in the emission lines in the spectra of AGNs are caused by variations in the central ionizing source. In this paper we investigate whether there are correlations between the variability amplitudes in the continuum and properties of the spectral lines to gather information about the structure of the BLR.
Nearly nothing is known about the optical variability behavior of very broad-line AGNs because most studies have so far been concentrated on AGNs with FWHM ∼ 2000 to 5000 km s −1 . However, one of the most variable Seyfert galaxies known so far is NGC 7603. This galaxy with emission-line widths of FWHM ≃ 6500 km s −1 varied by a factor of 5 to 10 in the optical continuum and in the Balmer lines over a period of 20 years (Kollatschny et al. 2000) . Hence, we selected Seyfert galaxies with emissionline widths of more than 5000 km s −1 . We investigate the variability behavior of a sample of ten Seyfert galaxies. In addition, we compare our results with results from earlier 2. Observations
The spectroscopic variability sample
The broad emission lines in AGNs have typical line widths of more than 2000 kms −1 (Hao et al. 2005) . The so-called narrow-line Seyfert 1 galaxies (FWHM ≤ 2000 km s −1 , e.g. Osterbrock, D., & Pogge, 1985) have been the subject of many papers in previous years (e.g. Williams et al. 2002 , Romano et al. 2004 ). On the other hand, 15 to 20 percent of all AGNs have line widths that are broader than 5000 kms −1 , as seen in a line-width distribution of AGNs recently published by Hao et al. (2005) , who analyzed the AGN spectra of the Sloan Digital Sky Survey.
Most of the variability studies of AGNs have so far been made for galaxies with line widths of less than 6000 kms −1 . Nearly nothing is known about the long-term variability statistics of the spectral lines of very broad-line AGNs -except for 3C390.3 (e.g. Veilleux & Zheng 1991 , Dietrich et al. 1998 , O'Brien et al. 1998 .
We started a campaign of observing the long-term spectral variability of the very broad-line AGN class more than 10 years ago. We selected as many as possible bright (m V < 16), nearby northern AGNs of this very broadline class from the literature (e.g. Osterbrock et al. 1976 , Apparao et al. 1978 , Smith 1980 , Bond 1977 . Our main goal was to study the emission-line variability of very broad line AGNs with those telescopes in the 2 m to 4 m class that were available at this time. We had to include objects with higher redshifts (z>0.05) because very broadline AGNs are rare in the local universe. Our target AGNs include intrinsically luminous, as well as faint, AGNs.
Finally, a sample of ten AGNs was compiled, all having Hβ emission-line widths of FWHM ≃ 5000 to 13 000 km s −1 (Table 1) . For comparison we investigated two narrow-line Seyfert 1 galaxies with line-widths of less than 2000 kms −1 ) (Mrk 110, Ton 256). The galaxies in our sample, their mean Hβ line widths, their redshifts, as well as their apparent and absolute brightness (taken from the catalogue of Véron & Véron 2001) are given in Table 1 . In addition, the [O iii]λ5007 line widths, the [OIII]/Hβ line ratios derived from our spectra, the radio power, the references from which the radio data were selected, and the radio optical spectral indices α RO are listed. The radio optical spectral index α RO has been calculated by us using the formula
Observations and data reduction
We took optical spectra of our galaxies over a period of 3 to 7 years. Details of the observations, such as the observing dates, the corresponding Julian dates, the telescopes we used, the wavelength coverage of the spectra, and exposure times, are listed in Table 2 . In most cases we observed one spectrum per galaxy per year. The spectra were obtained at Calar Alto Observatory in Spain with the 2.2 m and 3.5 m telescopes. Individual exposure times range from 15 minutes to 2 hours (see Table 2 ). In most cases a Boller & Chivens spectrograph was attached to the telescope, but several observations were recorded using the TWIN spectrograph at the 3.5 m telescope. The spectrograph slits had projected widths of 2 to 2.5 arcsec and 2 arcmin length. Typical seeing conditions were 1 to 2 arcsec. The slit was oriented in the north-south direction, in most cases, to minimize the impact of the light loss caused by differential refraction. We used different CCD detectors in the course of our monitoring program. Details of the CCD detectors we used are given in Table 3 .
In most cases, our spectra cover a wavelength range from 3800Å to 7400Å , typically (see Table 2 ) with a spectral resolution of 3 to 7Å per pixel. HeAr spectra were taken after each object exposure for wavelength calibration. Various standard stars were observed for flux calibration. One spectrum for PKS 2349-14 was obtained with the 9.2m Hobby-Eberly Telescope (HET) at McDonald Observatory on August 24, 2004. We used the Marcario Low Resolution Spectrograph and the exposure time was 20 minutes. Details of the observing conditions with the HET can be found e.g. in Kollatschny et al. (2001) .
The reduction of the spectra (bias subtraction, cosmic ray correction, flat-field correction, 2D-wavelength calibration, night sky subtraction, flux calibration) was done in a homogeneous way with IRAF reduction packages 1 . We extracted spectra of the central 5 arcsec. The spectra have signal-to-noise ratios (S/N) of 20 to 40 in the continuum. Great care was taken to achieve a very accurate relative intensity calibration. All spectra were rebinned to the same spectral resolution and calibrated to the same absolute [O iii]λ5007 flux for each corresponding galaxy. Our absolute [O iii]λ5007 flux was obtained from those spectra that were taken under photometric conditions. In addition, the accuracy of our [O iii]λ5007 flux calibration was tested for all forbidden emission-lines over the entire spectrum. We calculated difference spectra for all our epochs with respect to the mean spectrum of our variability campaign. Thus we minimized the contamination by the host galaxy. The stellar Mg I b absorption feature at 5175Å is very weak in all our AGN spectra except for NGC 6814 (see Figs. 2,3) . Therefore, the relative contribution of the host galaxy flux to the ionizing continuum flux at 5100Å should be less than 20 percent in our spectra. Corrections for small spectral shifts (< 0.5Å) and for different scaling factors were executed by minimizing the residuals of the narrow emission lines in the difference spectra. We achieved a relative accuracy of 3 to 5 percent by means of the [O iii]λ5007 flux calibration.
Results
In Fig. 1 We measured the rest frame continuum flux at 5100Å and the integrated line intensities of the broad emission lines in the relative flux calibrated spectra of our sample. The wavelength boundaries we used for our continuum flux measurements at 5100Å are given in Table 4 . The underlying continuum of the Hβ and Hα emission lines was interpolated between local minima on the short and long-wavelength sides of the lines (pseudo-continua). We integrated the total emission line fluxes above the continuum between the wavelength boundaries given in Table 4 .
The integration limits of the continuum and of individual broad emission lines are also shown in the mean AGN spectra (Figs. 2,3 ). The continuum region at 5100Å is free of strong emission and/or absorption lines. The intensities of the continuum flux at 5100Å and of the integrated Balmer line intensities are given in Table 5 . The narrow line components were subtracted earlier.
Light curves and mean spectra
The continuum light curves of our sample of very broadline AGNs are shown in Figs. 2,3 . The Julian Date (bottom), as well as year and month (top), of observations are given with the plots. The continuum flux was measured at 5100Å(rest-frame). The light curve of the continuum flux at 6200Å is shown for Mrk 926 in addition, because at some epochs we only took spectra of the Hα region for this galaxy. The calculated mean spectra of the very broad-line AGNs are also presented in Figs. 2,3. We determined the line-widths (FWHM) of the broad emission lines and their equivalent values in addition to the continuum intensities. These results are given in Table 6 .
Variability analysis
We determined the amplitudes of the continuum flux variations and of the broad emission-line intensities as the next steps. We concentrated on the fractional variations. A definition of the fractional variation F var is given by Rodríguez-Pascual et al. (1997) :
where <F> is the mean flux over the period of observations, σ F the standard deviation, and ∆ 2 the mean square value of the uncertainties ∆ i associated with the fluxes f i . We list the statistics of the continuum and Hβ line variations that we derived for our objects in Table 7 .
For three of our galaxies (E1821+643, OX169, Ton256), we only get upper limits of the Hβ line variations. In these cases the Hβ variations σ F 2 were smaller than the error ∆ 2 in Eq. 2. In this paper we focus only on the fractional variation of the continuum and of the Hβ line. In a few cases, the variability behavior of more than one emission line has been investigated: NGC5548, 3C390.3 (O'Brien et al. 1998; Dietrich et al. 1998; Peterson & Wandel 1999) , Mrk110 (Kollatschny et al.2001) . When considering different emission lines in one AGN, the following trend was seen. The broader (FWHM) lines show stronger variability amplitudes, and the broader lines originate closer to the central black hole.
Correlation analysis and results
In the current study of broad-line AGNs, we are looking for correlations between the variability amplitudes of the optical continuum and the Hβ emission-line flux, Besides the Pearson correlation coefficient r p 1.42 ± 0.1 147 ± 12 512 ± 15 3.48 ± 0.10 48864 0.68 ± 0.03 74.3 ± 6 289 ± 10 3.89 ± 0.13 49598 1.59 ± 0.1 120 ± 10 306 ± 37 2.55 ± 0. we calculated for each relation the Spearman's rankcorrelation coefficient r s
as well as the Kendall correlation coefficient r k
sign(
Here P p , P s , and P k are the associated probabilities for random correlations in percent (Bevington, 1992 , Press et al. 1992 . The Pearson correlation coefficient tests only a linear relation, while the Spearman rank-correlation coefficient and Kendall correlation coefficient test for a general monotonic relation (e.g. Press et al. 1992) . The Kendall correlation coefficient is even more nonparametric than Spearman's correlation coefficient. He uses only the relative ordering of ranks instead of using the numerical difference of ranks. Table 7 gives the results of our correlation analyses. Those galaxies showing no significant variations in the Hβ line intensity (Table 6) were not considered for the Hβ intensity correlation analysis. We found a significant correlation between the fractional variations of the continuum and the Hβ line width in our very broad-line AGN sample. The probability of being a random correlation is only 4 (P k ) or 6 (P s ) per cent.
A correlation is said to be significant if the probability for a random correlation is less than 5 per cent (Taylor J. R., 1996) .
The fractional variations in the Hβ line intensity are poorly correlated with the Hβ equivalent width (Table 7) . No correlations were found between the the fractional variations in the Hβ line intensity and the Hβ line widths, as well as between the fractional variations of the continuum and Hβ equivalent widths. About one half of our AGN sample shows stronger variations of the continuum than the other half (e.g. Fig. 6 ). The Spearman and Kendall tests may fail to detect correlations in case of bimodality. However, both halves show the same relation between the fractional variations of the continuum and Hβ equivalent widths. Furthermore, Pearson's correlation coefficient gives the same results as Spearman's and Kendall's tests. Figure 8 shows the Balmer decrement (Hα/Hβ) and its variations as a function of the continuum flux at 5100Å. Generally, the AGNs of our sample show Balmer decre- Table 5 .
ments in the typical range of Hα/Hβ ≃3 to 5. This is consistent with little or moderate reddening (∼2.8 to 3.1, case B). However, NGC 6814 and 4U0241+61 show pronounced Balmer decrements with Hα/Hβ ≃7 to 14, respectively. In both objects the broad Hβ component is very weak (Figs. 2,3) . Considering the errors of the Hα and the Hβ intensities (see Table 5 ), the Balmer decrement remained constant in most cases. This result is independent of absolute continuum and Balmer line fluxes. An expected anti-correlation of the Balmer decrement with the continuum flux variability cannot be confirmed by our sample. Such variations in the Balmer decrement as a function of the ionizing continuum flux can be explained by radiative transfer effects rather than by variation in the dust extinction. An increased optical depth in the Balmer lines can be induced by an increasing ionizing flux. The ionization front penetrates deeper into the gas in a radiation-bounded system. Calculations by Davidson & Netzer (1979) showed that the theoretical Hα/Hβ ratio varies as a function of the optical depth. However, a nearly constant Balmer ratio in Fig 8 that is independent of variations of the continuum cannot be explained in a simple way. A complex behavior of the Balmer decrement as a function of continuum intensity has been seen before, e.g. in the variable Seyfert galaxy NGC 7603 (Kollatschny et al. 2000 ). An analysis of the fractional variations F var and the AGN luminosity, as well as redshifts, resulted in no significant correlation (see Sect. 4).
The variability analysis of further spectroscopic AGN samples
The correlation between the fractional continuum variations and the Hβ line widths in our AGN sample motivated us to expand our sample and to test the relation on the published data from other campaigns investigating the optical variability of AGNs. Kaspi et al. (2000) carried out an intense, long-term monitoring project of PG quasars. Their spectra were taken at the Wise Observatory and Steward Observatory. They published the continuum intensities, Hβ fluxes, and Hβ line widths (FWHM) of their PG quasars. The continuum and Hβ fractional variability data of the PG quasars (in Tables 8,9 ) were calculated by us from the original data given by Kaspi et al. (2000) . We determined the Hβ equivalent line width from the Hβ line fluxes and the continuum intensities.
In big international projects such as the International AGN Watch campaign (e.g. Alloin et al. 1994) , the Lovers of Active Galaxies program (e.g. Robinson 1994 ) and the Ohio State monitoring project (Peterson et al., 1998) about 30 AGNs have been investigated. Peterson et al. (2004) present the results of a thorough re-analysis of the entire AGN watch data, employing improved methods. From this paper we took the fractional optical continuum and Hβ line intensities variations, as well as the Hβ line widths of the AGNs and PG quasars (see Tables 8,9 ). We considered only data for those galaxies that were monitored for periods of more than one year. Furthermore we took only the average fractional variations for individual galaxies over many years. We measured the Hβ equivalent widths of the AGNs in addition to the PG quasars (Table 9 ), using the original AGN watch data ), or we calculated it based on the published Hβ and continuum intensity data (Peterson et al. 1998) .
The fractional variation in the optical continuum of NGC 7469 was taken from Peterson et al. (1998) . Furthermore, the results of two other long-term monitoring projects of NGC 7603 and Mrk 110 have been put in Table 9 . Spectroscopic results of these two AGNs have been published by Bischoff & Kollatschny (1999) and Kollatschny et al. (2000) . The magnitudes M B and redshifts that we use in Figs. 9, 10 for the galaxies listed in Table 8 Peterson et al. 2004 Ref. 4: Xu et al. 1999 Ref. 5: Ho 2002 Ref. 6: Kellermann et al. 1989 
Combined variability sample
We combined the data for our variability sample of very broad-line AGNs with other AGN data taken from the literature (Table 8 ). Figure 9 shows the distribution of absolute B magnitudes of the combined AGN sample. In Fig. 10 we plot the redshift distribution of the combined AGN sample.
We show the Hβ line widths distribution (FWHM) of the combined AGN sample in Fig. 11 . We used a step-size of 500 kms −1 . The cross-hatched bars give the distribution of the very broad-line AGN sample. The two singlehatched bars are based on Göttingen long-term variability studies of the galaxies Mrk 110 and NGC 7603. The relative distribution of the Hα line widths (FWHM) of AGNs derived from the Sloan Digital Sky Survey (SDSS) (Hao et al. 2005 ) is superposed in Fig. 11 . The Hβ FWHM distribution of our combined variability AGN sample is representative of the Hα FWHM distribution of all SDSS AGNs, but with an excess of very broad-lined objects. Figure 12 then gives the Hβ equivalent width distribution of the very broad-line AGN sample and of the comparison sample.
In general, the distributions of the Hβ equivalent line widths, the absolute galaxy magnitudes, and the redshifts in the very broad-line AGN sample and the comparison sample are very similar. Since very broad-line AGNs are rare objects, their spectra had to be taken at slightly larger redshifts on average. Since the apparent magnitudes of the galaxies are similar in both variability samples, the abso- Winge et al. (1995) lute magnitudes of the very broad-line objects are therefore slightly brighter.
Correlation results of the combined sample
The line and continuum data of the combined AGN sample are given in Tables 6 and 9 . The combined sample consists of 43 different galaxies. The galaxies Mrk 110 and 3C390.3 have been observed both by us (very broad-line we show the linear fit derived from the Pearson correlation for comparison. Table 10 gives the results of our correlation analyses of the combined sample. The combined AGN sample confirms and strengthens the correlation results we got for the very broad-line sample just above: -No correlation was found between the fractional varia- tions of the continuum and Hβ equivalent widths. A correlation mentioned by Giveon (1999) for his sample of Palomar-Green quasars cannot be confirmed by our results. The Hβ equivalent widths of Boroson and Green (1992) used by Giveon et. al (1999) were taken one year before the start of their variability campaign.
-The fractional variations in the Hβ line intensities are poorly correlated with the Hβ equivalent widths, as well as with the Hβ line widths. Pearson's test gives a reasonably strong correlation for Hβ variation vs FWHM Hβ, whereas the other tests do not. However, Pearson's correlation coefficient is a parametric statistic, and it may be less useful if the underlying assumption of normality is violated.
-But a significant correlation resulted for the fractional variations of the optical continua with the Hβ line widths. The probability of being a random correlation is 0.5 (P k ) only or 0.8 (P s ) per cent. Next, we studied the relation of F var (5100) and F var (Hβ) with redshift and luminosity for possible evolutionary effects (Table 11) , and found no correlation between the fractional continuum variation with luminosities (see Fig. 17 ). There is no correlation between the fractional variations of the continuum in the rest-frame at 5100Å and the AGN redshifts (72 (P k ) or 75 (P s ) per cent) (Fig. 18) . We also tested whether there are any dependencies in the behavior of the targets as a function of their radio power. We found no correlation between the continuum or Hβ line intensity variations with the radio power at 5 Ghz (Table 11 ). Figure 19 e.g. shows the fractional variation of the continuum at 5100Å versus radio power at 5 Ghz. Furthermore, there is no significant correlation between the Hβ line widths (FWHM) or Hβ equivalent widths with the radio power at 5 Ghz (Table 11 ). Figure 20 e.g. shows Fig. 19 . Fractional variation of the continuum at 5100Å versus radio power at 5 Ghz (combined AGN sample).
the Hβ line width (FWHM) versus radio power at 5 Ghz. 
Discussion and conclusion
First we discuss probable luminosity or redshift correlations before going into detail regarding the correlations of the continuum variations with the line-widths.
Redshift -variability correlations
So far, most of the information on AGN variability has been derived only from light curves in single bands. An average increase in variability with redshift of galaxies was announced by e.g. Cristiani et al. (1996) . Trevese & Vagnetti (2002) reanalyzed B and R light curves of PG quasars. They confirm the correlation between variability and redshift. But because B and R light curves correspond to different intrinsic wavelength bands in the quasar spectra, they explain the increase in the amplitudes with the increase in rest-frame frequency at higher redshifts. It is known that AGNs vary more in the blue than in the red. De Vries et al. (2005) for instance investigated the long-term quasar variability from Sloan Digital Sky Survey (SDSS) data, to find that the magnitude of the quasar variability is a function of wavelength. The variability increases toward the blue part of the spectrum.
In our present investigation, we derived the continuum variability amplitude from the AGN spectra in the restframe at 5100Å. There is no correlation between redshift and rest-frame continuum variability amplitude (Fig. 18) . Only 5 galaxies in our sample have redshifts higher than 0.2. It would be useful to examine the spectral variability of other objects at larger distances. Giveon et al. (1999) found trends of an anti-correlation of variability amplitude with luminosity. De Vries et al. (2005) confirmed this trend in their long-term quasar variability study, showing that high-luminosity quasars vary less than low-luminosity quasars. They explain it with a scenario in which variations in AGNs caused by chromatic outbursts or flares have a limited absolute magnitude. In our variability study we also find the basic trend that more luminous objects are less variable (see Fig. 17 ), but this trend is not highly significant.
Luminosity -variability correlations
The fractional variability of the continuum of our very broad-line AGN sample shows either small or large variations. This suggests a bimodality for the very broad-line AGN sample. However, the bimodality of the fractional variations of the continuum disappears in the combined AGN sample.
X-ray -linewidth correlations
Many studies deal with correlations between different AGN properties. But not many detailed investigations exist that look for correlations between optical continuum variations and optical line widths. Fiore et al. (1998) studied the X-ray variability properties of six PG quasars. They correlated the X-ray variability properties with optical line widths and found evidence that the three narrow-line AGNs of their sample show larger X-ray variability amplitudes than the three broader-line AGNs on timescales of 2 to 20 days. No differences were found on longer timescales. They propose that their correlation between X-ray amplitude variations and narrow/broad-line AGNs were caused by different L/L Edd states, and suggest that narrow-line, steep X-ray spectrum AGNs emit close to the Eddington luminosity and have a relatively low-mass black hole.
We found no correlation between black hole masses and optical line widths (Table 11) or variability amplitudes (see next section). Our study is concentrated on long-term variations over years, on the one hand, and variations in the optical, on the other, contrary to the study of Fiore et al. (1998) . Variations in different frequency ranges may have completely different origins.
Optical variability -linewidth correlations
First of all, we tested whether there is a correlation between continuum variations and Hβ equivalent widths. Giveon et al. (1999) compared the long-term optical variability properties of PG quasars with many parameters. They found trends to an increase in continuum variability amplitudes with Hβ equivalent width. As a possible, but unlikely, explanation for their trend, they discussed the possibility of different contributions of the emission lines to their variable broad-band fluxes. We tested the variability amplitude and Hβ equivalent width correlation again for our samples of very broad-line and normal AGNs. In our study, the continuum flux was taken from the individual spectra and not from broad-band data. Our continuum flux is therefore independent of emission line contribution. We find no indication of a correlation between the continuum and Hβ variability amplitudes with the Hβ equivalent width.
But there is a significant correlation between AGN continuum variability amplitudes and Hβ line widths for our combined AGN sample (see Table 7 and Fig. 13 ). This confirms the earlier result of our very broad-line sample. A relationship between these parameters has not been considered earlier by Giveon et al. (1999) .
The observed line width of the broad emission lines (including Hβ) in AGN spectra might be caused or affected by different parameters simultaneously: -Different central black-hole masses lead to different Keplerian velocities of gravitationally bound emission-line clouds.
-The emission lines might originate at different radii with respect to identical central black hole masses, again making the assumption that their velocities are Keplerian.
-If the emission line region is connected with a central accretion disk, the observed line width might be correlated with the inclination of the disk (Kollatschny 2003a ) to our line-of-sight. -Optical depth effects on line profiles produced in an accretion disk wind (Murray & Chiang 1997 ) might affect the profiles. It has been shown that the observed singlepeaked profiles in Mrk 110 are consistent enough to be generated in an accretion disk (Kollatschny & Bischoff 2002) indicating optical depth effects. Optically thin lines generated in an accretion disk should have double-peaked profiles.
The observed line-width in AGNs might be caused by a combination of these different effects in practice. The importance of the individual parameters could be different from galaxy to galaxy. Therefore, the strong significance of the correlation between Hβ line width and continuum variations is surprising.
We tested whether the central black-hole mass is correlated with the width of the broad Hβ line. By taking the black-hole mass data from the Peterson '04 sample (2004) and correlating them with the Hβ line widths, we found no correlation (see Table 11 ). But the widths of the stellar absorption lines seem to be correlated with the central black-hole mass (Onken et al. 2004 , Ferrarese & Merritt 2000 .
Furthermore, we tested the significance of the correlation between Hβ line width and black-hole massto-luminosity ratio. Figure 21 shows this relation and Table 11 gives their significance. Wandel (2002) has shown earlier that there is a significant correlation between these two parameters. He explains the close correlation between mass-to-luminosity ratio and line-width with the virial relation M BH ∝ v(F W HM ) 2 . But on the basis of the virial relation alone, it is difficult to understand why the correlation M BH /L ∝ v(F W HM ) 2 is far more significant than that of M BH ∝ v(F W HM ) 2 . Comparing the significance of the correlation between black-hole mass-to-luminosity ratio and line width as a random correlation (P k = 1.8 percent, Table 11 ) with our earlier correlation between optical continuum variability amplitudes and Hβ emission line widths as a random correlation (P k = 0.5 percent, Table 10 ), this relation is equal or even better.
Considering the influence of the inclination angle on broad emission-line widths there are indications that the line width of the broad emission lines in AGNs depends on the inclination angle of a central accretion disk (Wills & Browne 1986 , Kollatschny 2003b ). But it is not easy to understand why the continuum variability of an edge on AGN should be stronger than the continuum variability of a face-on central source. Optical thickness effects might be important (Netzer, 1987) .
Considering individual galaxies, it is known that broader emission lines originate closer to the center and show stronger variability amplitudes (e.g. Kollatschny et al. 2001) . The central ionizing sources in AGNs -showing extreme flux variations over timescales of years -might excite BLR clouds over wider ranges in an accretion disk (and therefore produce lines with different widths) than those AGNs showing small-scale flux variations only.
In summary, our variability study showed that the most significant predictor of optical variability properties is the emission-line width. But the close correlation between these two parameters is not easy to explain.
